Background. We evaluated the relationship between diabetes and temporal characteristics of cardiac risk at long-term follow-up in a propensity score-matched cohort of diabetic and nondiabetic patients with normal stress myocardial perfusion single-photon emission computed tomography (MPS).
INTRODUCTION
Stress myocardial perfusion single-photon emission computed tomography (MPS) has taken a central role in risk stratify patients with suspected or known coronary artery disease (CAD). It has been shown that risk stratification incorporated in a testing strategy reduces the overall cost and enhances the effectiveness of testing. 1, 2 Risk stratification by normal stress MPS may identify patients with and without CAD who do not require further intervention. Although the presence of a normal scan should reassure that patients prognosis is excellent, in diabetic patients a normal MPS seems to be less encouraging than in non-diabetic subjects. 3, 4 In particular, Giri et al 3 demonstrated that despite the survival during the first 2 years of follow-up was identical in patients with symptoms suggestive of CAD and normal MPS irrespective to diabetic status, the event rates increased after 2 years in diabetics but not in non-diabetics. The duration of the low-risk status after a normal stress MPS depends on several factors, such as clinical characteristics, that may influence the natural progression of CAD. 5 Outcome-based multivariable risk adjustment models can to some extent account for confounding covariates. However, concerns for residual bias may limit interpretation of results. 6 Thus, we sought to evaluate the relationship between diabetes From the Institute of Biostructure and Bioimaging, a National Council of Research, Naples, Italy; Department of Translational Medicine, and the temporal characteristics of cardiac risk at longterm follow-up in a propensity score-matched cohort of diabetic and non-diabetic patients with normal stress MPS.
MATERIALS AND METHODS

Patients
Between March 2006 and May 2007, 1,792 consecutive patients with suspected or known CAD underwent stress MPS for the assessment of myocardial ischemia at our institution. Patients (n = 284) have been excluded from study enrollment for: (1) recent acute coronary syndrome, stroke, or transient ischemic attack (in the last 3 months); (2) uncompensated congestive heart failure (New York Heart Association class III or IV); (3) recent myocardial revascularization procedures (in the last 3 months); and (4) a concomitant noncardiac illness that would limit follow-up for at least 1 year. Of the 1,508 patients considered for the purpose of the present investigation, 636 patients were excluded because of abnormal stress MPS. Among the 872 patients with normal stress MPS, 44 (5%) were lost at follow-up, leaving 828 patients for the analysis (Figure 1 ). Of these patients, 402 (48%) had a history of type-2 diabetes (diabetes duration 144 ± 98 months) and 426 did not. To account for differences in baseline characteristics between diabetic and non-diabetic patients, we created a propensity-matched cohort considering the baseline clinical variables. The review committee of our institution approved the study and all patients gave informed consent.
MPS
All patients underwent stress technetium-99m sestamibi gated MPS by physical exercise or dipyridamole stress test, according to the recommendations of the European Association of Nuclear Medicine and European Society of Cardiology. 7 In all patients, beta-blocking medications and calcium antagonists were withheld for 48 hours and longacting nitrates for 12 hours before testing. For patient undergoing exercise test, symptom-limited treadmill standardized protocols were performed, with monitoring of heart rate and rhythm, blood pressure, and electrocardiography (ECG). Test endpoints were achievement of 85% maximal predicted heart rate, horizontal or downsloping ST-segment depression [ 
Áminute
-1 intravenous over 4 minutes. A dose of 100 mg of aminophylline was administered intravenously in the event of chest pain or other symptoms, or after significant ST depression.
At peak exercise, or 4 minutes after completion of dipyridamole infusion, a bolus of 370 MBq of Tc-99m sestamibi was intravenously injected. Patients continued the exercise for additional 60 seconds after tracer injection. For both types of stress, heart rate, blood pressure, and 12-lead ECG data were recorded at rest, at the end of each stress stage, at peak stress and in the delay phases at rest. Maximal degree of ST-segment change at 80 ms after the J-point of the ECG was measured and assessed as horizontal, downsloping or upsloping. For both types of stress, imaging was started 30 minutes after tracer injection using a dual-head rotating gamma camera (E.CAM, Siemens Medical Systems, Hoffman Estates, IL, USA) equipped with a low-energy, high-resolution collimator and connected with a dedicated computer system. 8 No attenuation or scatter correction was used. For gating, a cardiac cycle was divided into eight frames. The R-R interval and heart rate histogram were recorded to monitor arrhythmia. An average R-R interval of ±15% was accepted for gating. Perfusion imaging was reconstructed by summing the gated data at each projection into an ''ungated'' raw data file before low phase prefiltering and ramp filtered back projection. An automated software program (e-soft, 2.5, QGS/QPS, Cedars-Sinai Medical Center, Los Angeles, CA) was used to calculate left ventricular (LV) volumes and ejection fraction (EF) and the scores incorporating both the extent and severity of perfusion defects, using standardized segmentation of 17 myocardial regions. 9 Briefly, this commercial package determines reconstruction limits for the projection dataset, reconstruct the projection images into transaxial images using standard filtered backprojection, and then reorient the transaxial images into short-axis images. LV contours were checked visually and manually adjusted if the computer-generated automatic contours were found to be incorrect. Quantitative defect extent and severity were defined from sex-specific normal limits, and summed stress score was obtained by adding the scores of the 17 segments (0 = normal to 4 = absent perfusion) of the stress images. A post-stress LVEF [45% and a summed stress score\3 were considered normal. 10 The cut-off of 45% was chosen for reduced post-stress LVEF, according to previous data demonstrating that it was the optimal threshold for the prediction of hard cardiac events. 11 
Follow-Up
Patient follow-up was obtained by use of a questionnaire that was assessed by a phone call to all patients and/or general practitioners or cardiologists and by review of hospital or physicians' records by individuals blinded to the patient's test results. The primary end-point was the occurrence of cardiac death or nonfatal myocardial infarction, whichever occurred first. Cardiac death, defined as due to acute myocardial infarction, ventricular arrhythmias, refractory heart failure, or cardiogenic shock, was confirmed by review of death certificate, hospital chart, or physician's records. Nonfatal myocardial infarction was defined based on the criteria of typical chest pain, elevated cardiac enzyme levels, and typical ECG alterations. The date of the last examination or consultation was used to determine the length of follow-up.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation and categorical data as percentages. Differences between groups were analyzed by t test and v 2 analysis, as appropriate. A P value \.05 was considered statistically significant. To create a matched cohort of diabetic and nondiabetic patients, a propensity score (logit model) was calculated for each individual based on the baseline clinical variables (age, sex, dyslipidemia, smoking, hypertension, family history of CAD, chest pain symptoms, history of myocardial infarction, or revascularization procedures), and stress type. A 1-to-1 matched analysis without replacement was performed on the basis of the estimated propensity score of each patient. 12 To perform the matching and to select the final data set for analysis, the nearest available Mahalanobis metric matching method with caliper size specification (0.25 9 standard deviation of propensity score) was used. After propensity score matching, baseline characteristics were compared. In addition, we assessed the success of propensity score matching using standardized differences. 13 Propensity score analyses were conducted using the Stata module PSMATCH2. 14 Univariable associations with cardiac events were determined by Cox proportional hazards regression, and event-free survival stratified by diabetes was estimated with KaplanMeier survival methods. A multivariable risk model for cardiac events was constructed using a stepwise Cox regression strategy (P \ .05 for model entry and P \ .10 for model retention). To form this risk model, patients' baseline clinical variables, diabetes, stress type, and post-stress LVEF B45% were considered in the model selection process. The proportional hazard assumption of the Cox model was checked separately for each covariate by graphical and analytical methods before performing the regression analysis. The proportional hazard assumption was not rejected for any covariate included in the Cox model. A parametric survival model was used to identify how the variables influenced time to event and to estimate risk-adjusted event rates during the follow-up (JMP by SAS Institute Inc., Cary, NC). For these purposes, the estimated probability of event, defined as: 1-estimated event-free survival probability, was calculated. Based on the distribution of survival times in our cohort, a Weibull distribution was selected for parametric survival. In this distribution if the shape parameter [1 the hazard rate increases with time, if\1 the hazard rate decreases with time and if = 1 the hazard rate is constant.
RESULTS
Patient Characteristics Before and After Matching
Baseline patient characteristics compared by diabetic status before and after propensity score matching are shown in Table 1 . Before matching, diabetic patients were older and had a higher prevalence of smoking, hypertension, family history of CAD, and previous myocardial infarction. A higher number of diabetic patients were referred for a pharmacologic stress test. After propensity score matching, all characteristics were comparable in 260 diabetic and 260 non-diabetic subjects.
Predictors of Cardiac Events
The Kaplan-Meier analysis showed that the overall event-free survival was lower in diabetic than in nondiabetic patients both before (v 2 = 9.2; P \ .005) and after (v 2 = 8.2; P \ .005) matching (Figure 2 ). In the propensity score-matched cohort, during follow-up (median 53 months, inter-quartile range 44-63) 18 events (11 cardiac death and 7 nonfatal myocardial infarction) occurred in diabetic and 6 events (2 cardiac death and 4 nonfatal myocardial infarction) in nondiabetic subjects. Univariable associations of patients' baseline clinical variables, diabetes, stress type, and post-stress LVEF B45% with cardiac events were measured ( Table 2 ). As shown, diabetes and post-stress LVEF B45% were predictors of events. The annual event rate was 1.7% in diabetic and 0.5% in non-diabetic patients (P \ .005). At multivariable analysis, independent predictors of cardiac events were diabetes and poststress LVEF B45%.
Change in Risk with Time
Parametric survival analysis including in the model diabetes and post-stress LVEF B45% (global v 2 = 12.8, P \ .001) showed that the hazard rate increases with time with a shape parameter of 1.2. The highest probability of cardiac events and the major risk acceleration was observed in diabetic patients with post-stress LVEF B45% (Figure 3) . Conversely, non-diabetic patients with normal post-stress LVEF had the lowest probability of events. The probability of events was comparable in non-diabetic patients with post-stress LVEF B45% and diabetic patients with normal poststress LVEF. The time to achieve a cumulative cardiac risk level [3% in diabetic and non-diabetic patients according to post-stress LVEF is depicted in Figure 4 . Non-diabetic patients with normal post-stress LVEF remained at low risk for the length of follow-up, while in diabetic patients with post-stress LVEF B45% the time to achieve a risk level of events [3% was 12 months. Non-diabetic patients with post-LVEF B45% and diabetic patients with normal post-stress LVEF achieved a risk [3% after 40 months.
DISCUSSION
The results of this study demonstrate that after a normal stress MPS, diabetic patients are at higher risk for cardiac death and nonfatal myocardial infarction compared to non-diabetic subjects also after balancing clinical characteristics and stress type by propensity score analysis. In addition, our data indicate that the warranty period of a normal stress MPS varies according to diabetic status and post-stress LVEF. Stress MPS is a well-established method in the risk stratification of patients with suspected and known CAD. 15 One of the major strengths of stress MPS is the low subsequent cardiac event rate in patients with normal findings. 16 A negative stress MPS reliably predicts an excellent outcome, as less than 1% of patients with a normal study will experience hard cardiac events such as cardiac death or nonfatal myocardial infarction. However, it has been demonstrated that 1% can be shortened or lengthened based on patients' age, sex, presence of coronary risk factors, cardiac symptoms, history of CAD, and the need of pharmacological stress. 4 Thus, it appears that the expected event rate is driven not only by MPS findings but also by the underlying risk factors and comorbidity burden as well as the extent of atherosclerosis. 17 Diabetes is an important predictor of hard event in patients with suspected and known CAD. 18 It has been also demonstrated that the incremental prognostic value of MPS is greater in diabetic patients than in those without. 18, 19 However, a normal stress MPS seems to be less reassuring in diabetic patients than in non-diabetic subjects. 3, 4 Several potential confounding, such as concomitant cardiovascular risk factors, may affect the results previously reported. To overcome this potential bias, we used a propensity score-matched analysis of a large cohort of diabetic and non-diabetic patients with normal stress MPS findings. After matching for the baseline clinical variables and stress type, we found a higher annual event rate in diabetic patients as compared to non-diabetics. These data are in agreement with those of a previous unmatched study demonstrating a difference in mortality between diabetic and non-diabetic patients with normal stress MPS, with a very low rate of events in patients without diabetes. 18 Observable factors such as the degree of underlying LV dysfunction, has been associated to a higher annual event rate in the setting of normal stress MPS findings in patients with suspected or known CAD. 20 In particular, combining perfusion and functional data, patients with normal perfusion and LV function had a higher annualized event rate as compared to those with discordant perfusion and LV function. 20 Accordingly, from our results it emerged that a post-stress LVEF B45% in patients with normal stress MPS is an important predictor of cardiac event at long-term follow-up. The highest probability of cardiac death or nonfatal myocardial infarction and the major risk acceleration was observed in patients with diabetes and abnormal post-stress LVEF. Also in patients without diabetes, post-stress LVEF B45% was associated to a higher probability of events as compared to patients with normal post-stress LVEF. However, the probability of events was comparable in patients without diabetes and abnormal poststress LVEF and in those with diabetes and normal poststress LVEF. These findings further support the view of diabetes as CAD equivalent also in the setting of normal myocardial perfusion.
A significant change in risk may occur over time after normal MPS as a function of the clinical and historical factors of the patients. Evidence suggests that repeat testing \2% years without clinical symptoms occur can be inappropriate in the presence of normal MPS. 4 Giri et al 3 found that the survival during the first 2 years of follow-up was identical in patients with normal MPS results, irrespective of their diabetic status. However, after 2 years the event rate increased in diabetics but not in non-diabetics, with an apparent more rapid progression of the disease in the presence of diabetes. Our propensity score analysis demonstrates the more rapid progression of disease, accelerating over time, in diabetic patients than in non-diabetics also after reducing potential bias due to differences in baseline clinical characteristics. The results of the present study also suggest that the warranty period for a normal stress MPS varies according to patient clinical characteristics and LV function. Therefore, these variables should be considered in establishing the time at which repeat testing might be appropriate. Recently, Simonsen et al 21 evaluated long-term temporal risk variations in patients with suspected or known CAD and suggested a warranty period of 5 years following a normal MPS. However, these authors did not stratify according to LVEF. 21 From our data, it emerged that the warranty period of a normal stress MPS is lower in diabetic compared to non-diabetic patients after reducing potential bias by propensity score analysis. Patients with diabetes and abnormal post-stress LVEF showed the poorest outcome and the time to . Estimated time (mean with 95% confidence intervals, CI) from stress myocardial perfusion single-photon emission computed tomography to reach a defined level of risk for cardiac death or nonfatal myocardial infarction in a propensity score-matched cohort of diabetic and nondiabetic patients stratified by post-stress left ventricular ejection fraction (LVEF).
achieve the cardiac risk level [3% was less than 12 months. Conversely, patients without diabetes and with normal post-stress LVEF remained at low risk during follow-up. Interestingly, patients without diabetes and abnormal post-stress LVEF and those with diabetes and normal post-stress LVEF achieved a risk [3% after 40 months.
This study has some limitations. The relatively small number of events during the follow-up may explain the lack of prognostic significance of traditional risk factors. Moreover, grouping of patients by diabetes and post-stress LVEF ends up with small event rate in each of the groups. Another limitation of this study is the lack of hemoglobin A 1c levels, which was not available in all patients due to the retrospective study design.
CONCLUSION
After a normal stress MPS, diabetic patients are at higher risk for cardiac events than non-diabetic subjects also after balancing clinical characteristics and stress type by propensity score analysis. The warranty period of a normal stress MPS varies according to diabetic status and post-stress LVEF and diabetic patients with diabetes and abnormal post-stress LVEF show the poorest outcome.
